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Abstract. The aim of the present study was to analyze 
the expression of WW-domain oxidoreductase (WWOX), 
fragile histidine triad (FHIT) and p73 in acute lympho- 
blastic leukemia (ALL). Samples from 122 ALL patients 
and 35 non-ALL control patients were collected in this 
study. RT-PCR was performed to detect the mRNA expres- 
sion of WWOX, FHIT and p73. The methylation status of 
the WWOX promoter region, FHIT promoter region and 
the first exon region of p73 were also analyzed using the 
methylation-specific PCR method. The mRNA expression of 
WWOX, FHIT and p73 was significantly lower in the ALL 
samples compared with the controls (48.2, 42.9 and 55.4%, 
respectively). By contrast, the methylation frequency of 
WWOX, FHIT and p73 was significantly higher in the ALL 
samples compared with the controls (44.6, 46.4 and 37.5%, 
respectively). The mRNA expression of these three genes 
was inversely correlated with the methylation frequency in 
the ALL samples (correlation coefficients, -0.661, -0.685 and 
-0.536 for WWOX, FHIT and p73, respectively). Moreover, 
the mRNA expression of WWOX was positively correlated 
with that of FHIT and p73 (correlation coefficients, 0.569 
and 0.556, respectively). However, the methylation status of 
WWOX had no correlation with that of FHIT or p73. It was 
concluded that the high methylation status of WWOX, FHIT 
and p73 may lead to the inactivation of expression and the 
silencing of these genes, promoting the occurrence and devel- 
opment of ALL. The determination of the mRNA expression 
and methylation status of WWOX, FHIT and p73 may aid in 
the development of treatment approaches for ALL. 
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Introduction 

Acute lymphoblastic leukemia (ALL) comprises a hetero- 
geneous group of lymphoid malignancies, which affect 
1-4.75 individuals per 100,000 worldwide (1-2). Certain 
Western countries, including Italy, the United States, 
Switzerland and Costa Rica account for the highest inci- 
dence of ALL (3). Of all the leukemia cases in children, 
~80% are ALL. The incidence rate has increased remark- 
ably, with an annual percentage change of 0.8% between 
1975 and 2006 (4,5). In children aged 1-4 years, the annual 
percentage change reaches 1.2% (3). The high mortality and 
morbidity rates considerably affect living standards and 
survival quality. However, at present, the exact etiology of 
ALL remains unknown, although the majority of studies 
have considered it to be associated with infection, radiation, 
chemical and genetic factors (3,4). 

Over 80 common fragile sites have been identified in 
the human genome database (6). Common fragile sites are 
chromosomal regions that are observed in metaphase chro- 
mosomes. The genes in these regions are more susceptible 
to breakage, rearrangements and deletions compared with 
other genes (7,8). Studies have demonstrated that the genes 
associated with common fragile sites have important roles in 
carcinogenesis (7,8). 

Carcinogenesis is a complicated multipathway processes 
involving genetic alterations, including the inactivation of 
tumor suppressor genes. Fragile histidine triad (FHIT) and 
WW-domain oxidoreductase (WWOX) are tumor suppressor 
genes that encompass the two most active common fragile 
sites. Since FHIT and WWOX were first identified by 
Ohta et al (9) and Bednarek et al (10), respectively, the loss 
or reduction of FHIT and WWOX expression has been shown 
to be an important step in the initiation of tumorigenesis in 
a variety of tumors, including those in the breasts, lungs, 
esophagus, kidneys and cervix (11-16). Despite the clear 
mechanism, evidence has demonstrated that possible synergy 
may exist between FHIT and WWOX in the pathogenesis of 
tumors. 

p73 is another tumor suppressor gene, which was identified 
in 1997 by Kaghad et al (17) and is considered to regulate cell 
growth and induce a cell-cycle blockade and cell apoptosis. 
Given the functional similarity between p53 and p73, it is not 
unreasonable to suppose that p73 may also be important for 
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Table I. Prime sequence for RT-PCR and MS-PCR. 



Gene primer 


Primer senuence fS'^3'^ 

J. 1 llllvl ijvv| Uvllvv \ *J 1 


PCR nroduct size for) 


(3-actin-F 


AACAAGATGAGATTGGCA 


251 


(3-actin-R 


AGTGGGGTGGCTTTTAGGAT 




rtpcr-WWOX-F 


AATCACACCGAGGAGAAGAC 


536 


rtpcr-WWOX-R 


AAAGTTGCTGCGTTGCACAC 




rtpcr-FHIT-F 


ATGTCGTTCAGATTTGGCCAAC 


340 


rtpcr-FHIT-R 


TCATAGATGCTGTCATTCCTGT 




rtpcr-p73-F 


CCCACCACTTTGAGGTCACT 


461 


rtpcr-p73-R 


CAGGGTGATGATGATGAGGA 




WWOX-MF 


AGGATTGGTTAGAATAACGC 


193 


WWOX-MR 


AAAATACCTAAAAAATCGCG 




WWOX-UF 


TGTAGGATTGGTTAGAATAATGT 


193 


WWOX-UR 


AAAAATACCTAAAAAATCACACT 




FHIT-MF 


TTTTCGTTTTTGTTTTTAGATAAGC 


157 


FHIT-MR 


AAAAATATACCCACTAAATAACCGC 




FHIT-UF 


TGGTTTTTGTTTTTGTTTTTAGATAAGT 


159 


FHIT-UR 


AAAATATACCCACTAAATAACCACC 




p73-MF 


GGACGTAGCGAAATCGGGGTTC 


68 


p73-MR 


ACCCCGAACATCGACGTCCG 




p73-UF 


AGGGGATGTAGTGAAATTGGGGTTT 


77 


p73-UR 


ATCACAACCCCAAACATCAACATCCA 





MS, methylation- specific; F, forward primer; R, reverse primer; M, methylated; U, unmethylated; WWOX, WW-domain oxidoreductase; 
FHIT, fragile histidine triad. 



the inhibition of cancer development. It has been reported 
that WWOX interacts with p73 via its first WW domain and 
promotes the expression of p73 (18). The tyrosine kinase, Src, 
phosphorylates WWOX at tyrosine 33 in the first WW domain 
and enhances its binding to p73. Furthermore, the high WWOX 
expression level boosts the expression of p73 and triggers the 
redistribution of nuclear p73 to the cytoplasm, resulting in the 
promotion of cell apoptosis (18). Therefore, the loss of WWOX 
expression may decrease or suppress the functional role of p73 
in apoptosis, which may lead to the occurrence of tumors. 
All these findings demonstrate that WWOX, FHIT and p73 
have important roles in the pathogenesis of tumors and that 
WWOX may cooperate with FHIT and p73 in the development 
of tumors. 

Epigenetic changes contribute greatly to leukemia devel- 
opment (19). DNA methylation is a well-studied mechanism 
in epigenetics. The hypermethylation of numerous genes 
has been detected in various types of tumors and hemato- 
logical neoplasms (20). Previous studies have shown that 
DNA methylation is the most commonly detected alteration in 
ALL (21,22). DNA methylation often results in the silencing 
of tumor suppressor genes, although the gene sequence may 
not have been changed. This mechanism has been identified as 
leading to the loss of function of numerous tumor suppressor 
genes in various types of tumor cells (23). To clarify how 
WWOX, FHIT and p73 are involved in the development and 
progression of ALL, the present study examined the meth- 
ylation status and mRNA expression of these three tumor 
suppressor genes in ALL. 



Materials and methods 

Patients and samples. Bone marrow (BM) samples from 
112 ALL patients were collected from the Hematology 
Department of The First Affiliated Hospital of Guangxi 
Medical University (Nanning, Guangxi, China). In addi- 
tion to the 112 ALL patients (68 male and 44 female) of 
the experimental group, 35 non-ALL patients (19 male and 
16 female) were included in the study as the control group. 
According to the diagnosis status of the ALL patient group, 
there were 72 newly diagnosed patients (NDPs), 26 complete 
remission patients (CRPs) and 14 relapsed patients (RPs). The 
diagnosis of ALL was based on morphology, histopathology, 
expression of leukocyte differentiation antigens and the 
French American British (FAB) classification. Prior consent 
from was obtained the patients for the use of these clinical 
materials for research purposes and study approval was 
granted from the Ethics Committee of The First Affiliated 
Hospital of Guangxi Medical University. 

WWOX, FHIT and p73 transcript expression. Total RNA 
was extracted from the BM samples using TRIzol (Tiangen 
Inc., Beijing, China), according to the manufacturer's standard 
instructions. cDNA was synthesized from each RNA using a 
random primer and Moloney murine leukemia virus reverse 
transcriptase (Super-Script II; Gibco BRL, Gaithersburg, 
ND, USA), according to the manufacturer's instructions. The 
PCR primers used for the RT-PCR in the study are shown in 
Table I. |3-actin expression was used as a control. PCR was 
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Table II. WWOX, FHIT and p73 expression in ALL and controls. 
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WWOX FHIT p73 



Diagnosis 


n 


Detected 


Not detected 


Detected 


Not detected 


Detected 


Not detected 


ALL 


112 


54 


58 


48 


64 


62 


50 


NDP 


72 


25 


47 


23 


49 


30 


42 


CRP 


26 


23 


3 


23 


3 


23 


3 


RP 


14 


6 


8 


5 


9 


7 


7 


Controls 


35 


33 


2 


34 


1 


33 


2 



ALL, acute lymphoblastic leukemia; WWOX, WW-domain oxidoreductase; FHIT, fragile histidine triad; NDP, newly diagnosed patients; CRP, 
complete remission patients; RP, relapsed patients. 



performed in a final volume of 25 jA, containing 1 jA cDNA, 
2.5 jA 10X PCR buffer, 2 jA dNTPs, 1 jA forward primer, 1 jA 
reverse primer, 0.15 jA Taq DNA polymerase and 11.3 //l steril- 
ized DEPC water. RT-PCR was conducted in a PE480 DNA 
Thermal Cycler. The amplification condition were as follows: 
94°C for 45 sec, followed by 60°C (WWOX), 58°C (p73) or 
60°C (FHIT) for 30 sec and then 72°C for 45 sec, for 35 cycles. 
The amplification products were analyzed with 2.0% agarose 
gel electrophoresis. The electrophoresis results were observed 
with a gel imaging system and photographs of the gels were 
taken. 

Analysis of WWOX, FHIT and p73 methylation. The meth- 
ylation status of the first exon region of p73 and the promoter 
region of WWOX and FHIT was studied. High molecular 
weight DNA was prepared from cell samples using standard 
methods, and bisulphate modification of genomic DNA was 
performed as previously reported (24). The PCR primers used 
for the methylation- specific PCR (MS -PCR) in the study are 
also shown in Table I. The 20 -jA reaction mixture contained 
2.5 jA 10X PCR buffer, 2 jA dNTPs, 1 jA forward primer, 1 jA 
reverse primer, 2 jA Taq DNA polymerase, 2 jA modified DNA 
and 11.3 ]A sterilized double distilled water. Amplification 
was performed with a Thermo PCR machine (Thermo Fisher 
Scientific, Waltham, MA, USA). The MS-PCR reaction condi- 
tions for were as follows: Methylated WWOX, 94°C for 30 sec, 
46°C for 30 sec and 72°C for 30 sec, for 40 cycles; unmethyl- 
ated WWOX, 94°C for 30 sec, 52°C for 30 sec and 72°C for 
30 sec, for 40 cycles; methylated FHIT, 94°C for 30 sec, 51°C 
for 30 sec and 72°C for 30 sec, for 40 cycles; unmethylated 
FHIT, 94°C for 30 sec, 53°C for 30 sec and 72°C for 30 sec, for 
40 cycles; methylated p73, 94°C for 30 sec, 51°C for 30 sec and 
72°C for 30 sec, for 40 cycles; and unmethylated p73, 94°C for 
30 sec, 53°C for 30 sec and 72°C for 30 sec, for 40 cycles. DNA 
treated in vitro with SSSI methyltransferase and untreated 
DNA was used as the positive control for the methylated 
and unmethylated templates, respectively. Negative control 
samples without DNA were included for each set of PCR. The 
amplification products were analyzed with 2.0% agarose gel 
electrophoresis, then the electrophoresis results were observed 
with a gel imaging system and images were captured. The 
presence of only the methylated amplification product was 
considered to indicate complete methylation, while the pres- 



ence of the methylation and unmethylated amplification 
product indicated partial methylation. All MSP was performed 
using the EZ DNA Methylation- Gold™ kit (Zymo Research, 
Irvine, CA, USA). 

Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 software. The x 2 test was used to analyze 
the associations in the mRNA expression and methylation 
frequency of WWOX, FHIT and p73 between all the patients. 
Spearman's rank correlation test was used to analyze possible 
linear correlations between the expression of all three 
genes, the gene methylation status and the possible asso- 
ciation between gene expression and methylation frequency. 
Fisher's exact test was used in data numeration. P<0.05 
(confidence >95%) was considered to indicate a statistically 
significant difference. 

Results 

WWOX, FHIT and p73 transcript expression. As the expres- 
sion of WWOX, FHIT and p73 mRNA is too low to detect 
routinely by RNA blot analysis of small samples, RT-PCR 
amplification was performed to detect WWOX, FHIT and 
p73 expression, as previously described for leukemia and 
other tumors (9,25,26). As shown in Table II, the expression of 
WWOX was not detected in 58 of 112 (51.8%) ALL patients. 
However, only two out of 35 (5.7%) controls did not exhibit 
the expression of WWOX. Similar results were observed 
for FHIT and p73. Significant differences were observed in 
WWOX, FHIT and p73 expression between the ALL patients 
and controls (P<0.05). Considering that the results may differ 
in different stages of ALL, the ALL patients were further 
classified by their diagnosis status of NDP, CRP and RP. As 
a result, only 25 of 72 (34.7%) NDPs and 6 of 14 (42.9%) RPs 
exhibited WWOX expression. However, 23 of 26 (88.5%) CRPs 
exhibited WWOX expression. Similar results were detected 
for FHIT and p73. Significant differences were observed in 
WWOX, FHIT and p73 expression levels between NDPs and 
CRPs (P<0.05) and RPs and CRPs (P<0.05), but not between 
NDPs and RPs (P>0.05). The electrophoresis gels of WWOX, 
FHIT and p73 expression are shown in Figs. 1-3. The mRNA 
expression of WWOX, FHIT and p73 in the patients with ALL 
is shown in Fig. 4. 
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Table III. WWOX, FHIT and p73 methylation frequency in ALL and controls. 



WWOX FHIT p73 



Diagnosis 


n 


Methylated 


Unmethylated 


Methylated 


Unmethylated 


Methylated 


Unmethylated 


ALL 


112 


50 


62 


52 


60 


42 


70 


NDP 


72 


38 


34 


40 


32 


33 


39 


CRP 


26 


4 


22 


4 


22 


3 


23 


RP 


14 


6 


8 


6 


8 


5 


9 


Controls 


35 


0 


35 


0 


35 


0 


35 



ALL, acute lymphoblastic leukemia; WWOX, WW-domain oxidoreductase; FHIT, fragile histidine triad; NDP, newly diagnosed patients; CRP, 
complete remission patients; RP, relapsed patients. 



M 1 2 3 4 5 6 7 8 




Figure 1. WW-domain oxidoreductase (WWOX) mRNA expression in acute 
lymphoblastic leukemia (ALL) and control samples. WWOX mRNA expres- 
sion was observed in samples 4, 6 and 7. M, DNA marker; 1-6 and 8, ALL 
samples; 7, control samples. 



M 1 2 3 4 5 6 




Figure 2. Fragile histidine triad (FHIT) mRNA expression in acute lym- 
phoblastic leukemia (ALL) and control samples. FHIT mRNA expression 
was observed in samples 2, 3 and 6. M, DNA marker; 1-5, ALL samples; 6, 
control samples. 




Figure 3. p73 mRNA expression in acute lymphoblastic leukemia (ALL) and 
control samples. p73 mRNA expression was observed in samples 1, 2, 6 and 
8. M, DNA marker; 1-7, ALL samples; 8, control samples. 



Methylation status of WWOX, FHIT and p73. As described 
in Table III, although 50 of 112 (44.6%) patients exhibited 
methylation in the WWOX promoter region, no methylation 
was detected in the same areas of the control samples. Parallel 
results were observed in the promoter region of FHIT and the 
first exon region of p73. Significant differences were observed 
for the WWOX, FHIT and p73 methylation frequency between 
the ALL patients and controls (P<0.05). Furthermore, the 
WWOX, FHIT and p73 methylation frequency was examined 
in the ALL patients classified by their diagnosis status of NDP, 
CRP and RP. Consequently, 38 of 72 (52.8%) NDPs, 4 of 26 
(15.4%) CRPs and 6 of 14 (42.9%) RPs were observed to have 
methylation in the WWOX promoter region. Significant differ- 
ences concerning the methylation frequency of the WWOX 
promoter region were observed, but only for between NDP and 
CRP (P<0.05) and not between NDP and RP (P>0.05) or CRP 
and RP (P>0.05). Consistent results were also observed in the 
FHIT promoter region and the first exon region of p73. The gel 
images of WWOX, FHIT and p73 methylation are shown in 
Figs. 5-7. The methylation status of WWOX, FHIT and p73 in 
the ALL patients is shown in Fig. 8. 

Associations between methylation status and mRNA expres- 
sion. Spearman's rank correlation test showed that the mRNA 
expression levels of WWOX, FHIT and p73 were inversely 
correlated with the methylation frequency in the ALL patients. 
The correlation coefficients were -0.661 (P<0.05) for WWOX, 
-0.685 (P<0.05) for FHIT and -0.536 (P<0.05) for p73. 

Associations between WWOX, FHIT and p73. Spearman's 
rank correlation test was also used to analyze the associations 
between the three genes in ALL. The correlation coefficient 
of mRNA expression between WWOX and FHIT was 0.590 
(P<0.05) and between WWOX and p73 was 0.520 (P<0.05). 
However, no significant correlation was observed in the meth- 
ylation frequency between WWOX and FHIT (P>0.05) or 
WWOX and p73 (P>0.05). 

Discussion 

In previous studies, the loss or reduction of WWOX and FHIT 
expression has been shown to be an important step in the initi- 
ation of tumorigenesis in a variety of tumors, including those 
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Figure 4. mRNA expression levels of WW-domain oxidoreductase (WWOX), 
fragile histidine triad (FHIT) and p73 in acute lymphoblastic leukemia (ALL) 
and control samples. Significantly lower mRNA expression of WWOX, FHIT 
and p73 was observed in the NDP and RP groups (P<0.05). NDP, newly diag- 
nosed patients; CRP, complete remission patients; RP, relapsed patients; CP, 
control patients. 




WW Ox- 



Figure 5. Methylation results of WW-domain oxidoreductase (WWOX) 
in acute lymphoblastic leukemia (ALL) and control samples according to 
methylation-specific (MS)-PCR analysis. Samples 2 and 3 were methylated, 
while 5 was partly methylated. M, DNA marker; +, positive control; -, nega- 
tive control; m, methylated; u, unmethylated; 1, control sample; 2-5, ALL 
samples. 
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ioo bp-* 




Figure 6. Methylation results of fragile histidine triad (FHIT) in acute 
lymphoblastic leukemia (ALL) and control samples according to meth- 
ylation-specific (MS)-PCR analysis. Samples 1, 3 and 5 were methylated. 
M, DNA marker; +, positive control; -, negative control; m, methylated; u, 
unmethylated; 2, control sample; 1 and 3-5, ALL samples. 



in the breasts, lungs, esophagus, kidneys and cervix (11-16). 
Furthermore, it has also been reported that altered or absent 
WWOX expression may suppress the functional role of p73 in 
apoptosis, leading to an increased possibility of tumor occur- 
rence (18). The aim of the present study was to determine 
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Figure 7. Methylation results of p73 in acute lymphoblastic leukemia (ALL) 
and control samples according to methylation-specific (MS)-PCR analysis. 
Samples 2 and 4 were methylated. M, DNA marker; +, positive control; -, 
negative control; m, methylated; u, unmethylated; 1 control sample; 2-5 ALL 
samples. 



□ CRP 



J 111 



Figure 8. Methylation status of WW-domain oxidoreductase (WWOX), 
fragile histidine triad (FHIT) and p73 in acute lymphoblastic leukemia 
(ALL) and control samples. A significantly higher methylation frequency 
was observed for WWOX, FHIT and p73 in the ALL group compared with 
the control samples (P<0.05). Furthermore, a significantly lower methylation 
frequency was observed for WWOX, FHIT and p73 in the CRP group com- 
pared with the NDP group (P<0.05). NDP, newly diagnosed patients; CRP, 
complete remission patients; RP, relapsed patients; CP, control patients. 



whether there was a similar phenomenon in ALL cases. To the 
best of our knowledge, this is the first study to focus on such 
a subject. 

In the present study, the mRNA expression of WWOX, 
FHIT and p73 was analyzed in ALL. As in other tumors, a 
reduced expression of WWOX, FHIT and p73 was observed in 
ALL. The present study showed that the expression levels of 
WWOX and FHIT were altered concordantly in ALL, and that 
the frequency of WWOX expression, as determined by RT-PCR 
amplification of mRNA, was almost the same as that of FHIT 
(48.2 vs. 42.9%). In previous studies, the reported frequency of 
FHIT alterations in ALL has varied; the expression of FHIT 
mRNA or protein has been reported to be altered in 20-70% of 
cases (27-30). A previous study investigating p73 expression in 
ALL revealed relatively small differences, as p73 expression in 
ALL differed by no more than 40% (31). It reported that p73 
expression is exhibited in 61-100% of ALL (31); p73 expres- 
sion was detected in 55.4% of ALL in the present study, which 
was slightly less than previous results. The results of previous 
studies approximated to those of the present study, which may 
to a certain extent provide evidence for and support the conclu- 
sions of this study. In the present study, the cases that showed 
WWOX alterations also showed alterations to FHIT and 
exhibited almost the same mRNA expression. These observa- 
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tions suggest that WWOX and FHIT may concordantly affect 
the progression of ALL. Moreover, a number of authors have 
shown that the suppressed transcription of WWOX and FHIT 
is associated with the more advanced stages in various types of 
cancer, including breast (32,35), non-small cell lung (33) and 
ovarian (34) cancers. The present study demonstrated that a 
relatively low expression of WWOX and FHIT correlates with 
NDP and RP diagnosis statuses in ALL patients, supporting 
the hypothesis that the occurrence of ALL is a progressive 
and multi- staged process, similar to that of other tumors. The 
expression of p73 in ALL was not significantly higher than 
that of WWOX (48.2 vs. 55.4%), although WWOX and p73 
expression was significantly lower compared with the controls, 
indicating that the loss of WWOX expression may inhibit the 
apoptotic role of p73 and cause ALL to occur. 

Despite the frequent suppression of WWOX, FHIT and p73 
expression in numerous cancers, complete gene inactivation by 
the deletion of one allele and a second mutation or homozygous 
deletion is extremely rare (36). Based on these observations, it 
has been postulated that the inactivation of WWOX, FHIT and 
p73 is driven by hemizygous deletions or methylation status. 
However, loss of heterozygosity (LOH) and somatic muta- 
tions are rare in hematological malignancies (37). Epigenetic 
changes are of great importance to leukemia development (19). 
Previous studies have shown that DNA methylation is the 
most commonly detected alteration in AL (21,22). Therefore, 
the methylation status was investigated as the inactivating 
mechanism of WWOX, FHIT and p73 in ALL in the present 
study. At present, FHIT and WWOX promoter methylation 
associated with the loss of gene expression has been reported 
for various types of cancers, including lung, breast, esopha- 
geal and bladder cancer (38). Similarly, a higher methylation 
frequency of WWOX, FHIT and p73 was shown in ALL in 
the present study. Furthermore, the NDP and RP groups also 
showed the higher methylation frequency of the three genes in 
ALL, suggesting that the methylation of WWOX, FHIT and 
p73 in ALL was accumulated through the progression of the 
disease. It has been reported that 30% of ALL cases have the 
methylated p73 status (39), which is close to the 37.5% meth- 
ylation frequency of p73 in the present study. Previous studies 
concerning the frequency of FHIT methylation in ALL have 
differed, ranging between 13.8 and 67.0% (40-43). The present 
study demonstrated 46.4% FHIT methylation in the ALL 
cases. The difference is possibly due to the diagnosis time 
for ALL, which leads to the alteration of FHIT methylation 
frequency, as numerous studies have demonstrated that FHIT 
methylation is an accumulated process and different diag- 
nosis times exhibit different methylation frequencies (40-42). 
Research on the methylation of the WWOX promoter region 
has mainly focused on a few malignant tumors, such as 
stomach cancer (44), glioblastoma (45) and lung cancer (46). 
To date, no study has yet been reported on the methylation of 
the WWOX promoter region in ALL. 

Iliopoulos et al (38) studied the WWOX promoter methyla- 
tion status in pancreatic cancer and reported methylation in 
region -148 to -37, respective to the transcription initiation site 
(+1), in pancreatic adenocarcinomas; the WWOX promoter 
methylation status was associated with its expression and 
following treatment with 5-aza-deoxycytidine in Hs766T cells, 
WWOX was expressed again. Maeda et al (44) reported that 



24 of 73 (32.9%) stomach cancer cases that showed absent 
WWOX expression were highly methylated. These studies 
have suggested that WWOX methylation causes the loss of or 
decreased expression of WWOX. The present study showed 
that the mRNA expression of WWOX, FHIT and p73 was 
reversely correlated with the methylation of WWOX, FHIT 
and p73 in ALL, indicating that the highly methylated status of 
WWOX, FHIT and p73 leads to silencing of the expression of 
these genes, which may result in the loss of gene transcriptions 
and promote the occurrence and development of ALL. Notably, 
significant differences were detected in the mRNA expression 
of WWOX, FHIT and p73 between the RP and CRP groups 
with ALL. However, no significant difference was detected in 
the methylation frequency of the three genes between the RP 
and CRP groups. We suggest that this confusing phenomenon 
may be caused by the small sample size of the RP group, as 
only 14 RPs were enrolled in this study. 

The present study observed that the mRNA expression of 
WWOX was positively correlated with not only FHIT, but also 
p73, suggesting that to a certain extent, the decrease in the 
transcription of p73 and FHIT may interact with the reduction 
of WWOX transcription and further promote the occurrence 
and development of ALL. However, the present study did 
not reveal any associations in the methylation status among 
WWOX, FHIT and p73. It may be inferred that WWOX meth- 
ylation does not affect the methylation of FHIT and p73. 

In summary, the methylation status of WWOX, FHIT and 
p73 may lead to the silencing of gene expression, promoting the 
occurrence and development of ALL. Detecting the mRNA 
expression and methylation status of WWOX, FHIT and p73 
may aid in the development of future treatment approaches for 
ALL. 
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